Restricted Collision Stopping Power
In radiation dosimetry and in radiobiological modeling (track-structure theory), one may want to know the fraction of the energy loss that is absorbed locally, i.e., in the vicinity of the particle track. To obtain this fraction accurately one must carry out transport calculations that take into account (a) the initial energy spectrum and angular distribution of the secondary electrons set in motion in ionization events, and (b) the penetration, diffusion and slowing down of the secondary electrons. A simple answer, based on the approximation of replacing the spatial restriction by an energy restriction, can be obtained in terms of the fraction L(T,,1)/Sco](T), where L(T,,1) is the restricted collision stopping power. [The symbol L(T, , 1) used here should not be confused with the stopping number L discussed in Sections 2 and 3.] The quantity L(T,,1) is defined as the mean energy loss per unit pathlength due to collisions involving energy transfers, W, that are smaller than some chosen cut-off energy, ,1. The kinetic energy of the secondary electrons from ionization events is then also smaller than ,1, and the range for an electron of energy ,1 roughly specifies the region around the track of the incident particle within which energy is absorbed locally. The significance of the concept of restricted stopping power, and possible extensions and generalizations, are discussed in an ICRU report on linear energy transfer (ICRU, 1970) .
An application of restricted collision stopping powers occurs in the Bragg-Gray theory of cavity ionization as formulated by Spencer and Attix (1955) , in which the cut-off energy, ,1, characterizes the dimension of the cavity. Another application occurs in the Monte Carlo simulation of electron tracks. In such a calculation, energy-loss straggling can be taken into account approximately, with reduced computational effort, by limiting random sampling to large energy transfers, which are rare, and by treating the numerous small energy transfers in the continuous-slowing-down approximation with use of a restricted collision stopping power.
In order to obtain an expression for the restricted collision stopping power, one must replace the maximum energy transfer, W m, in the integral in Eq. 2.4 by ,1. The results for electrons and positrons (indicated by superscripts -and +, respectively) are 36 (7.1) where 'I = ,1/T is the fractional energy cut-off. Equation 7.1 is similar to Eq. 2.16, and the various symbols have the same meaning, except that the functions P±( I) are replaced by G±( I, 'I). For electrons,
For positrons,
where t= (1+ 2)-1. It may be noted that G-( 1,1/2) = P-( I) and that G+( 1,1) = P+( I), so that L -(T,T/2) = S;o](T) and L +(T,T) = S:"](T).
A condition for the validity of Eq. 7.1 is that the cut-off energy ,1 be larger than the binding energies of the atomic electrons in the target material. For the Kand L-shell electrons of high-Z materials, this condition is difficult to satisfy for ,1-values of practical interest. Tables 7.1 and 7.2 give the ratios of the restricted to the total collision stopping power for electrons and positrons in seven substances, for cut-off energies ,1 = 100, 10 and 1 keY. The results shown are limited to cases for which ,1 is larger than the L-shell binding energy and at least comparable with the K-shell binding energy. The results for Pb for,1 = 100 keY, for Ag and Cu for,1 = 10 keY, and for Al for ,1 = 1 keY have been included for completeness, but may be inaccurate.
Equation 7.1 does not take into account the reduction of the energy deposited locally along the electron track due to the escape of secondary Auger electrons or fluorescence x rays after inner-shell ionizations. Thus Eq. 7.1 becomes inaccurate for values of ,1 smaller than the K-shell binding energy (typically ""1/2 keY for low-Z materials such as water, air or graphite). Moreover, for very small ,1, the use of the Bethe formalism is no longer justified. It is estimated that, for water, the use of Eq. 7.1, with an assumed cut-off value ,1 = 100 eV, may overestimate the restricted stopping power by 10-20%. 
